INTRODUCTION
Public health statistics provide a wealth of material with reference to the relation of age to mortality risk from individual diseases; and it has long been customary to adjust mortality rates by means of appropriate standardizing factors to forestall erroneous comparisons of crude deaths in populations of different age structure. Within the framework of private practice, civilian medicine provides no comparable opportunities for an exact study of the relation of age to risk of contracting diseases, other than such as are certifiable to public health authorities or such as are speedily fatal. Indeed current medical treatises and articles abound with figures for proportions of cases examined in different age groups cited as an indication of the liability of individuals to contract a particular disease in a given age group. It should be-but is not in fact-needless to remark that this procedure is highly misleading. Naturally, the physician meets very few cases of peptic ulcer among males between the ages of 95 and 99 inclusive, for the simple reason that there are in fact very few males alive at that age. The practice of putting on record such case-age distributions, in contradistinction to age-incidence distributions exhibiting frequency of onset related to the appropriate population at risk at a given time of life, is a counsel of despair consequent upon the difficulty of delimiting the population from which a civil hospital draws its -patients, and hence of defining the relevant demographic data for drawing correct conclusions.
Correct information of this sort is of value both because it may furnish clues for an attack on the nature of the ageing process, and because it is a prerequisite of medical man-power planning in a society with a swiftly-changing age-composition. The Army, with an all-in system of social medicineandacompletepopulation, census, therefore offers a unique opportunity for studying the relation of age to morbidity risks. To be sure, it has the disadvantage that it can provide no information with respect to the oldest and youngest age groups; and it is a selected population. However, any community subject to large-scale emigration and immigration is a selected population in the same sense, if not to the same extent; and in total war the selectivity of the recruitment machinery is minimal. It is a fact to which we should give due weight; but it is by no means such as to make the resources of Army statistics valueless to medical science in this context. In view of prevalent confusion between case-age distributions (proportions of cases examndin different age groups) and age-incidence distributions',, which truly record risk of onset at different ages, it is pertinent to cite at the outset two examples (Fig. 1 ) which emphasize how grossly lack of due consideration of RELATION OF MORBIDITY TO AGE IN AN ARMY differences with reference to population at risk in different age groups may distort judgments based on clinical impressions gained from examination of patients.
2. AGE DISTRIBUTIoNs BASED ON SAMPLING An age-incidence distribution, as here defined, is a specification of age-specific rates for successive age groups. In what follows I. stands for the specific rate of the xth age group, i.e. the ratio of all cases of a condition in that age group during a given period to the contemporary population at risk in the same age group. S(. . .) stands for summation of items of the class specified within the brackets. For graphical representation of age incidence distributions of different diseases, it is advantageous to reduce all histograms to the same area. If TI=S(I) stands for the total of successive values. of I. over the entire age range, we accordingly define a ratio Rx which satisfies this requirerment, i.e. R,= 100 Ix,.-Ti; and S(R)= 100
The representation of an age distribution in this way has a further advantage. Owing to loss of documents through enemy action or circumstances related to the exigencies of.war, the total records of cases from a given theatre in a given period available for this enquiry are inevitably defective, though not in such a way as to bias the proportion of individuals assigned to a given age-group. If we do not know the exact number of cases of a disease in a population, we cannot compute the absolute age-specific rate I ; but we can estimate the relative age-specific rate R. if we know the age structure of the population, and the proportions of cases in each age group of an unbiassed sample of cases. This is evident from the following considerations. Let px be the proportion of the population in the age group x, P. the actual number of individuals therein; C. the corresponding number of cases of a disease, c, the corresponding proportion which we can estimate by sampling, Tp the total size of the population in all age groups, and Tc the total number of cases. Thus Px=Px + Tp and c,=CSC,,T,. By definition we then have:
Is X-C.P,=c,.T. p,,.Tp-(cx. PO) * -(T pTP)
If we denote the ratio (c, . - (a) for one and the same distribution corresponding successive values of R., qx and Is are in the same proportions; (b) with respect to distributions referable to different morbid conditions corresponding logarithmic increments or decrements of the three indices are in the same proportion.
The index q, which we have used to compute Rx is equivalent to the ratio of the absolute specific rate of the age group x to the overall incidence (I) with respect to all age groups, since I-=T, *.T. and %=c,, * . px(Cx ' . T) . (Px * . TP).-It follows that c,=p,x and Ix=It when q= 1. In other words q% is unity when: (a) the proportion of cases in a given age group is the same as the proportion of the population at risk in the same age group; (b) the incidedce of the condition in the given age group is identical with its overall incidence. Thus values of q, greater or less than unity respectively indicate a disproportionately high or low incidence in the age group concerned. When q,=1, Rx= 100 Tq' =Q; and in general any value of q,, is obtainable by multiplying the corresponding value of Rx by the reciprocal of Q, so defined. Our 
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RELATION OF AGE TO DURATION OF HOSPITALIZAnON
If a disease is normally treated in hospital, the patient's age at admission thereto provides the raw material of one class of data relevant to the delimitation of relative incidence (R.), at onset, i.e. the case-age distribution (cx). Our most reliable basic demographic data (vide infra) for assessing age risks refer to discharges on medical grounds rather than to hospitalization; and the age incidence distributions of such involve the relation of age to a certain level of severity as well as (or in contradistinction) to onset as such. Thus we are not entitled.to expect a one to one relation between age-incidence distributions of discharges and hospital admissions unless the disease is such as would invariably and quickly lead to discharge from the service on medical grounds; and we have to entertain the possibility that administrative considerations relevant to the service prospects of younger or older patients may assign a different criterion of severity sufficient to justify the findings of a medical board. A wholly satisfactory yardstick of severity is not available. From a statistical viewpoint the only one which is generally applicable in this context is duration of stay in hospital. To the extent that we are entitled to rely on it, we have some means of deciding how far discrepancies between age distributions of discharges from the service and hospital admissions arise from the intrinsic relation of age to the gravity of a disease and its extrinsic relation to administrative policy vis a vis what degree of severity entitles the individual to release from service.
Hollerith tabulations of A.Fs. I.1220 provide us with a breakdown of diseases among Middle East troops (1943-4) by age and duration of stay in military hospitals. The figures cited below do not include stay in convalescent depot and are therefore not comparable with those used to assess total man-day wastage. They also suffer from a deficiency in so far as they do not include the entire period of 29-7 28-2 33-9' 27-6 33-0 16-0 18-1-17-1 22-2 21-9 33-6 31-4 35-4 39-7 18-6 9-1 10-6 8-9 12-1 10-3 27-4 28- hospitalization of a small proportion of extremely serious cases evacuated from the theatre.
It is admissible that duration of stay is a crude yardstick of the gravity of a disease, but there is little doubt about the conclusions to which its use leads us, if we have to rely on it as the best tool at our disposal. The results in Tables I and II refer only to diseases of which sampl9s sufficiently large to yield statistically clear-cut evidence are available; and they are sufficiently clear-cut to admit of little dubiety. With few exceptions, relative rates for successive age groups shown on a percentage scale in Table II do not depart widely from the 10% level. That is to say, age of the patient does not conspicuously influence the duration of stay in hospital. The exceptions to this rule are: (a) diseases (e.g. impetigo) for which we do not have to rely on data referable to discharge from service; (b) conditions (e.g. I.D.K.) which are not singular clinical entities;-(c) diseases (e.g. malignant neoplasms) which either lead to speedy discharge or to death after prolonged treatment in hospital.
RELATION OF AGE TO MEDICAL DISCHARGE
Discharge from the Army on medical grounds takes place on the recommendation of medical boards sitting only in the United Kingdom, and the relevant docifmentary data refer to the whole Army. Hence data with respect to medical discharges are referable to a population whose precise age composition we know. Large samples are not available with respect to some hospitalized diseases, more particularly communicable conditions from which the patient normally makes a good recovery. Even when large samples of both are in fact available, we are not Bronchitis . .l 8*8 9*3 9 3 Burns .. 9 9.9 9 3 10 9 Common cold 9.9 9.5 9 3 Conjunctivitis 110l 11-3 8*4 *Cystitis and pyelitis .. 10 2 118 *4 7 * 3 Diphtheria (fauc., laryn.
andnasal).*. 13 1 12-9 11 8 *DysenteryFlexner .. 8*4 8 2 8*7 Dysenteryamoebic . 9*1 9*8 10 9 Dysentery and diarrhoea (unspecified)l 9-6 9 5 9 9 Dyspepsia and' gastritis . . 65 8-2 9 0 *Foot deformities 11-4 10 3 10 0 Gonorrhoea . . 15*8 12 7 10-4 Haemorrhoids 7.9 10 3 8*4 Hernia . 11 4 10 3 9.7 *Internal derangementofknee 13 1 10*8 10-0 Impetigo . 9-2 10-1 9.7 9 3 10 1 12-5 1 0-7 1 4* 1 9 1 9 5 9 3 9 5 14-3 9.41 11818 13-4 11-7 :
11-7 7-7 13-61 9-2 1 115 1 1171 10-3 10 7 10-2 9-9 8-7 10-3 Psychosis.. 11 3 10-2 102 10 8 9-8 11 9 13 3 6&4 6 6*7 100 0 244 Psychoneurosis. 7'6 9-8 10-4 10 0 10.1 11-2 10 1 12-5 10 2 8 2 100 0 1,469 Psychopathic personality .. 12-1 112 9-8 11 1 121 14-5 8-1 8-7 5.71 6-8 100W0 184
*Rheumatism -articular 15*7 1013 9 3 8*2 9-8 8*2 7 5 9 4 116' 9 9 100 0 380
Rheumatismnon-articular 9-6 7-8 8-1 10-4 9-4 9-9 10-4 10-4 113112-5 100 0 869
Sandflyfever 10-9 9 9 9 9 10-4 10-3 10-4 9 9 1013 10-5 7-7 100 0 1,731
Scabies .. 99 9*2 11*1 10*4 108 9*6 9*9 15*6 5*1 8*3 100*0 569 Sinusitis .. 106 11*4 10*0 9 8 8 8 9 6 12 4 10-7 9*4 7'2 100*0 451 *Synovitis and arthritis . . 12-4 9 1 9 1 10 5 10 8 12 7 10*0 9*0 10.91 5 6 100*0 674 Syphilis-early 8*2 9*3 8*7 8*9 9*5 9*3 10*3 11*5 11 *5 12*7 100*0 478 Tonsillitis and pharyngitis 10*1 9*1 9*1 9*3 9*3 9*5 9*0 10*5 13*2 10*8 100*0 5,605 *Typhoid . . 12 2 10*9 10X7 10*0 11l0 8*7 12-1 10*5 13*8 -1000 244 Varicose veins 7.7 91 8 6 8-7 9 1 10.0 10 0 10'0 9.9 16 8 10010 646 * 1943 and 1944. necessarily entitled to assume that discharge and hospitalization -data are comparable. It is therefore necessary to be explicit aibout when such an assumption is permissible. If a disease sufficiently severe to incur hospitalizationisalsosufficiently severe to incur medical discharge, age distributions based on the two sources of material should tally. When this is not true, they may fail to do so for either or both of two reasons: (a) a level of severity sufficient to incur discharge may itself be a function of age; (b) administrative considerations relevant to the utilization of man-power at different ages may influence criteria of severity adopted by a medical board.
Data set forth in this section refer to diseases collectively responsible for about 75% of all discharges from the Army on medical grounds during the years 1943 alone, or 1943 and 1944 together. With two significant exceptions, schizophrenia and tuberculosis, diseases with a fairly clear-cut differential diagnosis show a characteristic trend, with a peak at the latter end of the age range, as is notably true of chronic bronchitis, peptic ulcer, malignant neoplasms, dyspepsia and gastritis, diabetes mellitus, sciatica, manic depressive psychosis, and anxiety state (Fig. 2 ). For purposes of comparison our list also includes several conditions of diverse aetiology or uncertain differential diagnosis, more especially psychopathic personality, I.D.K. (internal derangement of knee), V.D.H. (valvular disease of the heart), and foot deformities. Otitis media appears among diseases listed because it ranks high as a reason for medical discharge from the service; but the distribution based thereon is not strictly comparable with a distribution based on all hospital admissions. The bulk of cases recommended for discharge from the Army are chronic. We might therefore expect the age-incidence distribution of such cases to correspond with that of hospital admissions for chronic cases only. This is not so. Whereas the incidence of hospitalized cases of chronic otitis media is about the same in all age groups, discharge rates rise steadily with advancing age. How far the difference is due to greater gravity of the disease as age advances, and how far to greater readiness of medical boards to recommend for discharge chronic cases of long standing in the older age groups, is uncertain. A high relative specific rate for epilepsy in the youngest age group is almost certainly in large measure attributable to a high concentration of recent enlistments therein and has little or no biological significance. The higher incidence of schizophrenia in the younger age groups, and of manic depressive psychosis (Fig. 3 .. 1000 100*0 100 0 100*0 100*0 100 0 100 0 Table V summarizes available data with respect to which diseases are more or less important as a source of permanent wastage in different age groups of the Army population. In the age group under 28, psychiatric and nervous disorders account for nearly half of all discharges. If we add peptic ulcers, tuberculosis, bronchitis, otitis media, and asthma, we have accounted for nearly 75% of all discharges within this age group; and of those included tuberculosis is by far the most noteworthy item in the age group under 22. In the 40-45 age group psychiatric and nervous disorders on the one hand, and diseases other than those mentioned above on the other, each account for almost exactly one-third of all discharges, and peptic ulcers together with bronchitis for a quarter. The age-group over 45 tells quite a different story. Bronchitis alone accounts for about one-fifth of all discharges. It is now a more important source of wastage than psychiatric and, nervous disorders ; and diseases other than those specifically mentioned in this context now account for more than half the total discharges. Broadly speaking we may thus summarize the experience of the war years: Tables III to V have a profound bearing on the interpretation of the trend of crude'discharge rates during the war. Two main features of this change were: (i) a steady fall of the proportion of very young men; (ii) a concomitant decrease in the oldest (over 45) age group. The effect of this may be such as would wholly invalidate impressions gained from the trend of discharge rates with respect to individual diseases, if the risk of contracting them or the gravity of their manifestations rises or falls steadily as age advances. If the incidence of a disease increases very sharply only at the tail end of life the distortion is less conspicuous. Since the A.T.S. was at all times a younger population than male Army personnel, comparisons between crude discharge rates for women and men may give rise to even more erroneous conclusions than comparisons of discharge rates for the same class of personnel at different stages in Strength, 1940 Strength, 1941 1941 1942 1943 1944 . 1941 1942 1943 1944 Bronchitis-chronic 15-1 18-7 16-9 15-6 13-0 9-2 6-1 3-6 0-9 0-9 100 II 16-8 18-3 16-5 15-3 12-7 9-1 6-0 3-5 0-9 0-9 100 III 17-2 16-5 15-3 14-6 12-9 9*7 6-8 4-4 1-2 1-3 100 Table VIII is, in fact, based upon our third assumption which'is undoubtedly preferable, but it will bring into focus how small is the order of error involved if we cite six distributions as calculated on assumptions I and III separately. The examples chosen illustrate descending, relatively flat, and ascending contours. It is possible to get a check on the above procedure for estimating the age structure of the male population by comparing age incidence distributions of discharges with those of hospital admissions so computed. With this end in view we have to rely on diseases which are (a) sufficiently common to yield large examples; (b) so severe as to lead to early discharge, when recognized.
So defined, the best " marker" diseases are peptic ulcers and pulmonary tuberculosis, as shown in Table IX , setting forth age-incidence distributions of male hospital admissions based on estimate m, side by side with age distributions of medical discharges. Specification of the appropriate female (A.T.S.) population at risk in each group offers no special difficulties, because the proportion of women serving overseas in 1943-4 was trivial.
The most striking feature of Table VIII is the contrast between the age-incidence distributions of acute infections on the one hand and of non-communicable diseases or chronic infections on the other. With few exceptions discussed below, the general rule is that the incidence of acute infections falls off with increasing age and most steeply in the youngest age groups, as illustrated by the accompanying histogram of diphtheria (Fig. 5) 
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Since a single clear-cut difference, especially one putatively attributable to such a fundamental phenomenon as immunity, suffices to override any number of striking similarities when the identity of two conditions is under dispute, the age distributions of post-arsphenamine jaundice and infective hepatitis (Fig. 6) are particularly instructive in connexion with recent controversy arising from the discovery that the former is due to an icterogenic agent spread by imperfectly sterilized syringes. The distribution of infective hepatitis, here shown, confirms the general clinical impression that it is a disease to which younger age groups are specially prone.
To that extent its behaviour is typical ofcommunicable diseases. distribution of post-arsphenamine jaundice (related to the correct population at risk, i.e. to syphilitics) is altogether different. This fact, as also the different seasonal distributions of the two diseases, is strong evidence against a recently prevalent belief that the same virus is responsible for both these conditions. Exceptions to the general rule stated above, other than those mentioned, are scabies, pulmonary tuberculosis, and pneumonia. The first-named scarcely calls for comment, since its inclusion in the table as a communicable condition is merely a matter of convenience. Since death (or discharge) removes from the apparent population at risk individuals who might otherwise be immune to subsequent attack, the considerations advanced above do not apply to a wholly and rapidly fatal disease, and apply with less force to any disease which has a high fatality-as have tuberculosis and pneumonia. Even if this were not so, there are other reasons for anticipating the possibility that they would fall out of step with other infections. Since pulmonary tuberculosis is a protracted disease which may long remain latent, Total -Size of Q Sample 100'00 100'00 100'00 100'00 100'00 100-00 100-00 100-00 100-00 100'00 100'00 100-00 100-00 100'00 100-00 100-00 100-00 100-00 100-00 100-00 100-00100'00 100'00 100'00 100'00 100-'00 100'00 100-00 100'00 100'00 Of diseases which oppress the younger age groups most, two on our list, namely appendicitis and schizophrenia, do not come within the class of communicable conditions. A possible explanation of the age distribution of the first is in line with the one offered above. Appendicectomy is now a relatively common practice; and like immunity implies the build-up of a residual population incapable of subsequent attack. The characteristic distribution of schizophrenia is intelligible if we regard it as a congenital disposition of which the diagnosis depends in large measure on failure of the subject to fulfil new social demands imposed by adult life.
Of two diseases supposedly due to infection, rheumatic fever conforms to the general rule stated above. Evidence concerning the origin of acute nephritis is more conflicting. Its singularity as a clinical entity is more dubious, and its age distribution is not typical of communicable diseases in general. Remaining organic disorders listed include: peptic ulcers, malignant neoplasms, chronic bronchitis, asthma, hernia and benign neoplasms. The incidence of gastric ulcer and chronic bronchitis increases steeply with advancing age to the limit of the range. That of duodenal ulcer initially increases more steeply than that of gastric ulcer, but attains a peak about 44 years of age. Fig. 4 shows the use of the peptic ulcers as marker diseases in the sense already defined. The close correspondence between distributions based on medical discharges and hospital records provides a satisfactory check on the demographic estimates employed in the treatment of data derived from the latter. Though discharge and hospitalization distributions for the peptic ulcers agree closely, striking discrepancies between the two distributions with respect to other diseases call for explanation. That the incidence of bronchitis among discharges increases more steeply with age than that of hospital cases is not surprising. Since the latter are far in excess of the former, we may infer that discharge with reference to chronic bronchitis includes only more serious cases among those represented by hospital admissions. The fact that it is a steadily progressive disease and the greater likelihood of emphysema among the oldest age groups might well suffice to account for the observed disparity; but greater reluctance to recommend for discharge younger soldiers may well contribute thereto. Since asthma depends on a congenital diathesis which may become manifest at an early age, it is not surprising that it exhibits no striking age-incidence trend among hospital admissions. That it shows increasing relative frequency with advancing age among medical discharges is possibly explicable in terms of administrative rather than of clinical considerations. As regards hernia we are on firmer ground. It is beyond dispute that the two sets of figures in Table IX refer to totally different categories. Whereas those for hospital admission refer exclusively to cases admitted for operation, mostly to first operations, those for medical discharges refer either to individuals who have not submitted to operative treatment or to recurrent cases. A similar discrepancy between hospital admission and discharge distributions with reference to benign neoplasms scarcely calls for explanation, since conditions so specified are very diverse with respect both to their nature and to their severity. The discharge data refer only to a small fraction of hospital -cases, presumably the more grave.
With minor differences which are not surprising, age distributions of psychiatric disorders based on hospital admissions show the same features as those based on .discharge from service. For United Kingdom hospital admissions with reference to schizophrenia the characteristic trend is more uniform than for medical discharges from the service. Since the number of United Kingdom cases hospitalized with respect to manic depressive psychosis exceeds discharges for the whole Army during the period covered, this diagnosis cannot of itself be a sufficient ground for -discharge at the first diagnosis, and it is well known that its manifestations are liable to recur with increasing severity. Presumably these considerations account in large measure for a disparity between the two distributions cited in Table IX, i.e. (a) hospital admissions show a peak at about 44 years of age; (b) liability to discharge from service increases to the limit of the age range. A corresponding but more striking disparity emerges from comparison of the two sets of figures for anxiety state. The three conditions named, together with paranoid state, each have the facies of a clear-cut clinical phenomenon in so far as the age-incidence distribution discloses a uniform trend. The same is not true of obsessional psychoneurosis, of hysteria, of neurasthenia nor (needless to say) of so-called -psychopathic personality.
Age-Incidence in the Female Population. With respect to most diseases A.T.S. 100'00 100-00 100-00 100'00 100-00 100-00 100-00 100-00 100-00 100-00 100-00 100-00 100-00 100-00 100-00 100-00 100-00 30-31 100-00 11-99 100-00 1-84 100-00 100-00 hospital admissions for a single year (Table X) are relatively few, and, since the age composition of the population at risk is very skew, the computed relative incidence of the older age groups is liable to considerable variation. With dueregard to these considerations, previous remarks with reference to communicable diseases (and to appendicitis) apply equally to malesandtofemales. Thereisoneapparentexception to this statement, namely infective hepatitis. Among women the incidence of this disease does not appear to fall off conspicuously with age. This may be partly due to the fact that it is much iess common among women than among men, though conceivably also to a sex-difference with respect to the power of the body to react to the virus antigen. Male and female distributions of scabies, each referable to large samples, reveal a striking difference which may well be spurious. Ahighproportion of patients do not receive hospital treatment, and the male sample almost certainly contains a higher proportion of intractable cases, which inflate incidence in the older segment of the population. The only psychiatric disorders for which A.T.S. samples are large enough to justify confidence exhibit no features other than those which the discharge data disclose. One feature worthy of comment in Table  X is a dip in the 22-24 age group of virus diseases, scarlet fever and tonsillitis.
A similar dip is evident in the figures of Table VIII , where it might otherwise provoke the suspicion that our estimate of the relative strength of this age group in the 1943 United Kingdom Army population is somewhat excessive.
Sex Differentials. The data in Table VIII provide a basis for standardization of figures referable to populations of different age composition. If our aim is to assess sex differences with respect to morbidity, it comes to the same thing to ask either (a) what the female rate would be if, with its own age-incidence distribution, the age-strength distribution were that of the male population in the same year or (b) what the male rate would be if, with its own age-incidence distribution, its age-strength distribution were that of the female population in the same year.
Since we have larger samples for the male population, the second is preferable. .. 5-00 21-50 20 00 17-00'14 0010 50 7 00 340 1 10 050 100*00 6. RELAION OF AGE TO HosPrrAL ADMISSIONS E THE MIDDLE EAST The preceding section has emphasized a striking dichotomy with respect to the risk of specific diseases at different ages. With a few exceptions seemingly consistent with such an explanation, diminishing frequency of commnunicable diseases as age increases is interpretable on the assumption that immunization by previous attack progressively reduces the effective, as opposed to the apparent, population at risk. Such a progressive reduction will not occur if previous attacks confer little immunity and it will not be relevant to the age-risk relation if the disease is: (a) extremely rare; (b) highly fatal; (c) absent in the original habitat of a newly immigrant population. The first two limitations have been the subject of earlier comment. Morbidity experience of an Army population serving overseas offers an opportunity of testing the general hypothesis stated above by reference to the third (c), as an independent check.
Hospital admission records of troops serving in the Middle East during 1943-4 furnish large samples for this purpose; but analysis of such records again confronts us with the difficulty of assessing the exact population at risk in different age groups, because our first available information for the exact age composition of an overseas force refers to the beginning of 1945. At that time conditions in the Middle East were very different from such as existed in 1943, when fighting was in progress. We have therefore made-an estimate of the age composition of the M.E.F. in 1943-4 by the method of adjusting the figures for the Army as a whole in such a way as to bring the age-incidence distribution of certain marker diseases into close correspondence with the known distribution of these diseases among medical discharges. This adjusted distribution, referred to as estimated M.E. F. 1943-1944 at the foot of Table XII , and hereinafter used as a basis for the age-incidence distributions indicated as B, talfies more closely with the known early 1945 age composition of the Central Mediterranean Force than with that of M.E.F. at the same date. This is not remarkable, since large numbers of Middle East troops were transferred to C.M.F. at the end of the Middle East campaign. We shall As a background to the order of error arising from this uncertainty, Table XII To assess the propriety of any estimate we employ, it is necessary to give due consideration to the following issues. In view of circumstances relevant to selection of the youngest and oldest for service overseas at different stages of the Total 100-00 100-00 100-00 100-00 100 00 100-00 100-00 100-00 100 00' 100 00 100 00(b) the youngest age group is presumptively the group with the shortest mean period of overseas service, and hence the one least liable 'to previous exposure to risk; (c) the over 45 age group is likely to have:
(i) a relatively high concentration in static units where risk of disease is at a mimnmum; (ii) -an abnormally high proportion of regular soldiers who have been previously exposed to infections not prevalent in the United Kingdom; (iii) a make-up resulting from especially vigorous selection with reference to physique or general health. For all these reasons we should discount: (a) any minor trends with respect to susceptibility as age increases; (b) any conclusions referable to the oldest or youngest age group. Figures for the oldest age group in Table XVI refer in all cases to a very small sub-sample, and are hence liable to gross sampling error as well as to errors arising from circumstances stated above. With one possible exception, i.e. Flexner's dysentery, it is noteworthy that no disease included in this table displays a conspicuously steep trend comparable with what is so characteristic of communicable diseases in the United Kingdom. Though we have no means of assessing precisely the incidence of the Flexner type in the United Kingdom, clinical experience suggests that it is not uncommon in institutions; and its occurrence in the civilian population may well be more extensive than one commonly supposes. In any case, there are good grounds for believing that it is less rare than typhoid. These distributions are admittedly imperfect for a variety of reasons stressed above. With due recognition of their imperfections the conclusion to which we are led is consistent with the hypothesis previously advanced to account for declining incidence ofcommunicable diseases as age advances. It is unfortunate that available statistics with reference to Colonial troops do not include basic demographic data to elucidate the complementary issue, i.e. whether a population exposed to risk in early youth would present a totally different picture.
SIGNIFICANCE OF AGE IN RELATION TO IMMUNITY
We have seen that: (a) age-specific rates for non-communicable diseases usually go up as age advances; (b) age-specific rates for communicable diseases usually go down. We have also discussed certain exceptions to these rules vis d vis reduction of the effective population at risk by immunization. It is not unprofitable to scrutinize the quantitative implications of this hypothesis in greater detail. In conformity with symbols used elsewhere, we suppose that there are C,, cases of a disease in a population containing P. individuals of the same (xth) age group, so that the incidence in the xth age group is Ix=Cx ,. Px. We also specify the corresponding effective (non-immune) population at risk as S,x, being less than Px; and the effective incidence which measures the true liability of an x-year-old to contract group.bmj.com on June 21, 2017 -Published by http://jech.bmj.com/ Downloaded from the disease as E =C ±SX. The size of the population in successive age groups is irrelevant to our purpose. We can therefore restrict our population to a standard one of age groups of equal size, putting Px=PX+1' etc. The simplest form our hypothesis may take is that the true liability Ex to contract a non-fatal disease is not affected by age, i. -Ix= (Io (-k)x (i) Within the framework of our first set of assumptions, the hypothesis stated therefore implies an exponential law of declining incidence. Within the army age group this accords with the picture disclosed by our data (Table VIII) of such diseases as : Chicken pox, Measles, Rubella, Diphtheria, Mumps, Scarlet fever, Impetigo, Glandular fever, Infective hepatitis.
If immunization is incomplete, i.e. if a previous infection fails to protect a eertain proportion of individuals from a subsequent manifest attack, the only necessary qualification to the preceding argument is that previous attack removes a fraction m ( < 1) of cases from the effective population at risk in the xth year of life, so that: C *. A Ix -m.k.Ix If we put K=m.k I,=Io (l_K)X (i)
Since m < 1, K < k dnd the only effect of the change of constant is to make thegraph of Ix in (ii) less steep than that of I,, in (i).
The preceding treatment postulates that the disease is not fatal. If it is more or less fatal, we have to introduce a survival rate formally analogous to m also <1, and the effect of doing so is merely to reduce the rate of declining incidence. Clearly its slope would be zero if the survival rate were zero.
Within the compass of the foregoing assumptions, we can provide for more or less steep decline of incidence which we can represent by an exponential function with a line parallel to the x-axis as the limiting case; but we cannot account for a secondary nor for an initial rise without recourse to other postulates. It is reasonable to assume that what we have here called the true liability E. is not group.bmj.com on June 21, 2017 -Published by http://jech.bmj.com/ Downloaded from constant, increasing with age as it does for most diseases which are not communicable. The functional relation we chose is necessarily arbitrary, but for various reasons we can take as sufficiently generalized: E,,-E0 ax and Ex+1 aE,
The new hypothesis implies that the constant a in the above is greater than unity. As before we put: CX+1 =Ex+, (S -cx) =(a -E.ax± ')Cx .-. IX=(a-E.ax+ )Ix Ix=I0 . IT (a-Eoar) (v) r=1
From the form of (iii) itis evident that Ix increases as x increases when (a-Eoax+ 1) isgreaterthan unity, diminishes when (a-E0ax+l) is less than unity, and undergoes no change when a-E ax+1 1 a-I X =log. aE, (vi) By hypothesis, a > 1> Eo and both constants are positive. With these limitations the factor (a-Eoax+ 1) must decrease as x increases; but it may exceed unity at the start. In other words Ix may initially increase to a maximum defined by (vi) and subsequently diminish. It cannot at first decrease and subsequently increase.
Within the framework of approximations inherent in the derivation of the preceding difference equations, the hypothesis that the trend of incidence is the outcome of interplay between immunization and increasing liability is thus consistent with the possibility of an initial rise followed by a fall, as is true of phthisis in the Army age range, but would not appear to allow for an initial decline with a subsequent rise. If immunity is incomplete in the sense defined above or if the disease is The maximum value is then given by: a-1 x-loga xo&am E, As before, a > 1, Eo and m both< 1. The preceding remarks therefore hold good.
We have not, however, examined the consequences of imposing the limitation that immunity is temporary, persisting over a period of n age-units. If we postulate a fixed liability k as in (i) above and proceed as before, we arrive at the difference equation:
I,,+=(1-k) Ix+k. Ix-n This reduces to a simple algebraic formula for the general term, when n-1, i.e. immunity persisting for 1 year if we reckon age (x) by years; but it is simple to
